1, Introduction
Recently, photoinduced acid generators classified as opium salt compounds have been extensively studiedly concerning application to the chemically amplified resist materials. These compounds can generate strong acid with high efficiency when exposed to radiation. This effective acid generation enhances the sensitivity of chemically amplified resist systems. However, generated acids from these compounds lose acidity very fast.
On the other hand, Sulfonyl compounds (sulfone compounds) have been reported2)4) as a new class of acid generators for chemically amplified resist systems, which have practically high sensitivity, long life of generated acid and durability to thermal hydrolysis. These sulfonyl compounds can generate acids not only by deep-UV irradiation, but also by electron beam irradiation. Acid generation by electron beam irradiation in these compounds was reported to be rather more sensitive than those for photo irradiation3~. This letter reports the electron beam exposure characteristics of chemically amplified resists containing sulfonyl acid generators. Quantum chemical studies on sulfonyl compounds are also reported to make the reaction mechanism more clear.
2, Experimental Section
In order to study the electron exposure characteristics of the resist, JBX-5A(20keV) and JBX-5D(50keV) electron beam exposure system (JEOL) was used. All sulfonyl compounds were commercially available (Aldrich, reagent grade). Polyvinyl phenol (PVP,Mw=6000) was obtained from commercial source, and tet-butyl carbonate derivatives of cresol phthalein inhibiter(CP-TBoc)2) were obtained from Midori Co. Organic alkaline developer (Eluted AD-10,Tama Kagaku Kogyo Co.,1.98% water solution of Tetramethyl Ammonium Hydroxide) was used as a developer. > SCA-2 > SCA-3. It has been found that at least 6 times the amount of the sulfonyl acid generator was required to achieve the same sensitivity as REF-1. However, the life of generated acid from sulfonyl compounds were found to be 8 times longer than those for onium salt. This is because a large amount of acid is considered to be generated by the electron irradiation. XEBR-1 was fabricated with 50keV EB,and could resolve 0.2 micron fine patterns. Typical SEM photographs are shown in Fig.2. 3-2, Quantum chemical studies on Sulfonyl Compounds. Radiation products of sulfonyl compounds have been widely studied. These reactions have been classified to a few cases, such as abstraction of SO), S-C bound scission6~ and S-O bound scission. In practice, these reactions are considered to occur simultaneously by high.. energy irradiation. The diversity of these reactions is mainly due to complexity of the radiation chemistry which can produce the various electronic states, such as ionization, and electronic reduction and excitation.
Although it is interesting to analyze the reaction products, it seems difficult to extract an important reaction from other complicated radiation induced chemical reactions, by simply analyzing the reaction products.
On the other hand, ab-initio molecular orbital calculations provide an insight into the primary process in radiation chemistry. This is because this approach can characterize specific electronic states and therefore can predict molecular structure changes. Therefore, electron reaction of sulfonyl compounds was studied using the GAUSSIAN-82 and GAUSSIAN-86 abinitio molecular orbital (MO) calculation programs8}. Fig.3 indicates the lowest unoccupied molecular orbital (LUMO) for the ground state of dimethyl sulfone obtained from the RHF (Restricted Hartree-Fock) wave functions calculated by using 3-21G9~ basis set. The LUMO is found to be mainly localized on the S-C bonds. The Therefore, the behavior of the negatively charged sulfonyl compounds (anion of sulfonyl compounds) has been studied with a model sulfonyl compound. H2SO2 molecule was selected as a model sulfone to start the calculation. In this case, we have calculated the unrestricted Hartree-Fock (UHF) wave functions by using the diffuse-augmented 6-31+G*bo) basis set.
We have found that the H2SO2 has a minimum energy point on the potential energy surface. Its minimum geometry has a C2~ symmetry with somewhat longer S-H distance than that of the neutral molecule. However, this molecule can be easily excited by low energy irradiation ( about 0.24 eV, corresponds to 1950 cm 1 IR energy), then passed over a transition state (CS geometry), reaching the decomposed status of a hydrogen radical and HSO2. Fig.4 shows the molecular structure of the sulfone at each stationary point and the dissociation potential curve of H2SO2 (in C$ symmetry). Dimethylsulfone anion was also calculated with the 3-21G* basis set. We have found that the dimethyl sulfone anion has also the same decomposition behavior as does H2SO2. However its minimum energy geometry (CS symmetry) has a much longer S-C distance (3.933 angstrom) than neutral status and has energy very close to its dissociation limit. In both cases these sulfonyl compounds are considered to easily decompose by EB irradiation.
464 Fig.3 The LUMO for Dimethyl Sulfone.
As mentioned above, an initial S-C cleavage by anion formation of sulfonyl compounds has been theoretically studied. Our calculated results are consistent with the recent FSR study of irradiated sulfonyl compounds11. We suggest that the acid generation occurs through the reaction pass shown in Fig.5 . Further MO studies for the ionized and excited states should be continued to clarify the overall reaction mechanism of sulfonyl compounds. 
